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ABSTRACT

Talinum teretifolium Pursh is a succulent perennial
herb of the Portulacaceae occurring in the shallow soil
associated with several different kinds of rock outcrops.
It is distributed from the serpentine barrens of Penn
sylvania to the granite and sandstone outcrops of G e o r g i a .
The species is putatively an allotetraploid species which
arose in Georgia or Alabama and spread northward.
For this study, mature plants (from which seeds were
later collected) and soil were obtained from four differ
ent outcrop sites (Virginia granite, Georgia granite,
Virginia sandstone, and Maryland serpentine), and seed
lings of each population were grown on their native soils
and on the native soils of the other populations.
All
four populations grew exceedingly well on the Virginia
sandstone soil.
The granite and sandstone populations
generally did not grow well on the serpentine soil.
The
serpentine population grew well on serpentine soil, but
as well or better on sandstone and granitic s o i l s .
The results of this study support the hypothesis
that there are two major edaphic ecotypes of T. teretifo li u m . The granite and sandstone populations cannot be
differentiated on the basis of this study, but both
differ from the serpentine population, which appears to
have the broadest physiological tolerance to edaphic
f ac tors.

EDAPHIC ADAPTATIONS IN
TALINUM TERETIFOLIUM

(PORTULACACEAE)

INTRODUCTION

Talinum teretifolium Pursh is a succulent perennial
herb of the Portulacaceae.

It occurs only in the very

shallow soil associated with several types of rock out
crops.

Most often it occupies a shallow-soil ecotone

between bare rock and grass-dominated vegetation on
deeper soil.

The genus Talinum is known for its drought

resistance and poor competitive ability
1 9 6 9b ).

(Ware,

1969a,

These two characteristics explain the unique

habitat of T a l i n u m .

These plants flourish in areas

which are often quite dry and too severe for other plants
to become established.

Thus,

they are exposed to a mini

mum of interspecific competition b y becoming established
in a habitat which is virtually unexploitable by other
plants.
Talinum teretifolium is distributed from the serpen
tine barrens of Pennsylvania and Maryland to the granite
and sandstone outcrops of Georgia.

For the most part

this species occurs on granite outcrops in Virginia,
Carolinas,

and Georgia.

the

Its occurence on sandstone is

not extensive and is restricted to a few sites in Virginia
and Georgia.

This species was once reported to have

occurred in Alabama, but there is no evidence today for
its existence there

(Wolf,

1939).

Also it was previously

believed to occur on the cedar glades of middle Tennessee
(Harper,

1926), but the populations there have since been

described as a new species, T. calcaricum Ware
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(Ware,

1967).

Talinum teretifolium occurs on a variety of soil
types throughout the eastern and southern United States,
while most Talinum species in eastern North America occur
*
on only one type of soil.
For example, T. calcaricum is
endemic to the limestone cedar glades of middle Tennessee
and northern Alabama
Nutt.

(Steyermark,

1950; Jones,

(Ware,

1963)

1967).

and T. rugospermum H o l z . (Fernald,

1950) b o th occur solely on siliceous soils

in their respective ranges.
for relict outliers,
Alabama

Talinum parviflorum

Talinum mengesii Wolf,

except

occurs on sandstone-derived soil in

(Murdy, Johnson,

and Wright,

1970).

Talinum

appalachianum Wolf is endemic to granite outcrops in
Chilton County, Alabama

(Wolf,

193 9).

One other eastern

North American species, T?. calycinum Engelm. , which is
widespread in the central U. S. A.,

is reportedly substrate

indifferent, occurring on limestone, granite,
sandstone
b y S. Ware

(Steyermark,

1963).

chert, and
*
However, unpublished studies

(personal communication)

have demonstrated that

T. calycinum is composed of several sympatric morphological
types, and some of these exhibit reduced crossability.
Therefore,

this taxon may well represent more than one

biological species.
In contrast to the above taxa T?. ter etif olium occurs
on at least three soil types

(granitic, serpentine,

and

sandstone soils), though it apparently does not occur on
limestone-derived soil.

It is the purpose of this study

to investigate how TP. tereti folium has adapted in order
to exploit several different substrate types.
situations can be envisioned for this species.

Two basic
Either

the species is broadly tolerant of all the edaphic environ
ments encountered in its range, or it is specifically

adapted to some, or all, of the various edaphic conditions.
If the former situation is found, then one could assume
that the species exhibits a great deal of physiological
plasticity.

If the latter situation is found,

it would

be logical to assume some degree of ecotypic differentia
tion within the species.

Evolutionary history of
Talinum teretifolium
Talinum teretifolium is believed to be an allotetraploid species which arose somewhere in Georgia or Alabama
and spread northward.

The phylogenetic parents of T.

teretifolium (2n=48)

are thought- to be T. mengesii

and T. appalachianum

(2n=24)

(Black and Murdy,

(2ns24)

1972).

Talinum mengesii occurs primarily on sandstone outcrops
of northern Alabama and also on some granite outcrops of
the Piedmont region in Alabama and western Georgia.

This

presumed parental species occurs together with T^. teretifolium on granite outcrops in the Piedmont of Georgia
(Murdy, Johnson,

and Wright,

1970).

Talinum appalachianum

is endemic to granite outcrops in Chilton County, Alabama
(Wolf,

193 9).

Black and Murdy

(1972) have examined

chromosome pairing in hybrids between _T. teretifolium and
T. m e n g e s i i , and they believe that their evidence supports
the hypothesis that T?. teretifolium is an allotetraploid
species with T. menges ii supplying one of the chromosomal
sets.

Talinum teretifolium is also intermediate in its

floral morphology,

to T. mengesii and T. appalachianum,

and this fact has led to the citing of this latter species
as a probable contributor to the chromosomal complement of
T. teretifolium.

-4-

Life cycle of Talinum teretifolium
Seeds of Talinum teretifolium lie in the soil during
the late summer and the following winter during which they
receive sufficient cold treatment to break dormancy
in Ware,

1969a).

(Guptill,

They germinate in the spring and grow

slowly throughout the summer.

Talinum teretifolium perennates

b y means of a tuberous rhizome at or just above the soil
surface.

When fall approaches,

a cluster of short,

flattened

leaves forms at the base of the stem or on the upper surface
of the rhizome.

These leaves eventually die in the autumn

and provide a protective covering for the winter bud at their
center.
At the end of the growing season the plant dies back to
the rhizome with its winter buds and becomes dormant.

The

onset of dormancy in rhizomes of T. calcar icum and TT. menges ii
is unusual in that it seems to be brought about by endogenous
factors rather than solely external ones

(Ware,

this may also be the case for T. te retifolium.

1972),

and

Often a

portion of the stem both above and below a winter bud will
decay,

in which case a vegetative propagule is formed.

Both

the dormant rhizomes and vegetative propagules may receive
enough cold treatment to end their physiological dormancy
during the first part of the winter.

After this period,

quiescence would be environmentally impressed.
case in T.

calcar icum and T?. menges ii

may also be true for T. teretifolium.

(Ware,

Such is the

1972), arid this

In the early spring,

leaves emerge from the winter bud and the plant grows very
rapidly.

After this early growth spurt, the rest of the

summer's growth is usually limited to flower and fruit
production.

The ephemeral flowers are facultatively

-5-

autogamous.

Each flower is open only during the after

noon of a single day,

and when the flowers close in the

early evening, the anthers are pressed against the stigma.
If pollination has not already taken place by means of an
insect vector,

it then occurs.

It is interesting to note

here that in plants of T. teretifolium from Wake County,
North Carolina the style was longer than the stamens,

and

autogamy failed to occur in about ninety-five percent

(95%)

of observed flowers.

-6-

During the late spring and early summer of 1972 collec
tions of mature plants of Talinum teretifolium were made.
Virginia plants were collected from a granite outcrop near
the Nottaway-Lunenberg County line on Virginia Route 49
(Nottaway Falls)

and from a sandstone outcrop in Montgomery

County on County Route 714

(Acre-of-Rock).

Plants were also

collected from the serpentine barrens in Baltimore county,
Maryland

(Soldier's Delight)

just south of Reisterstown b e 

tween Deerpark Road and Wards Chapel Road.

In addition,

plants of this species and soil from Mount Arabia granite
outcrop in Lithonia, Georgia were already available in the
William and Mary Ecology Laboratory.

Soil samples were also

obtained from each of the above-mentioned

localities, and a

limestone soil was collected from a site near a limestone
quarry in Appomattox County, Virginia,

on County Route 690.

Talinum teretifolium was not found at this limestone site
however.
The collected specimens of the various populations of
T. teretifolium were potted in greenhouse soil and allowed
to flower and set fruit in the greenhouse at the College of
William and Mary for the remainder of the summer of '1972.
Since the flowers of this species can be autogamous,

it was

not necessary to pollinate the stigmas of the individual
flowers manually.
Georgia granite
stone

The four populations were designated as

(GG), Virginia granite

(SS), and Maryland serpentine

(VG), Virginia sand

(MS) .

As soon as the fruits were mature and ready to dehisce,
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seeds were collected from each of the four p o p u l at io n s.
These seeds were then put in moist, cold treatment for at
least six weeks

in order to satisfy their requirement for

cold to break dormancy.

A requirement of at least six

week of moist, cold treatment for seeds of T. calcaricum
and T. menges ii has been established by Ware and Quarterman
(1969), and this proved to be effective with T. teretifolium
except with the Maryland serpentine population, where at
least eight weeks of such moist, cold treatment were required
for good germination.
Each of the five different soils that had been collected
were homogenized by removing large stones and pebbles and
sifting.
soil

The five soils were designated as Georgia granite

(GGS), Virginia granite soil

stone soils

(VGS), Virginia lime

(LSS), Virginia sandstone soil

Maryland serpentine soil

(SSS), and

(MSS).

For each of the soil experiments three,

3-inch plastic

pots of each type of soil were used, planting four seed
lings to a pot.

Seeds of the selected population of T?.

teretifolium were taken out of cold treatment and allowed
to germinate in the greenhouse.

After about ten days the

newly germinated seedlings were planted in each of the
five soil types.

Thus for each experiment there was a

total of fifteen pots, with three pots
per soil type.

(and twelve plants)

The seedlings were then allowed to grow

in the greenhouse for a period of fifty days,

after which

the plants were removed and dried in a 100° C oven for
twenty-four hours or slightly longer.

The dry weights

were then determined and recorded using a Sartorius 2743
analytical balance.

This procedure was repeated for each

of the populations.
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In addition to the five above-mentioned soils,

two

more soil samples were available in the William and Mary
Ecology Laboratory.

These two soils were designated as

sandstone soil from Alabama
Tennessee

(LST).

(SSA) and limestone soil from

The sandstone soil from Alabama had been

collected from an outcrop of Pottsville sandstone in Marion
County,

along Northfork Creek on U.S. Route 43.

The lime

stone soil from Tennessee had been collected from a lime
stone outcrop southeast of Nashville on U.S. Route 70S,
across the highway from M t . View School.

With the same

basic experimental design as in the other soil experiments,
the four populations of T. teretifolium were grown on their
native soil and on the limestone soil from Tennessee.

The

Georgia granite population in addition to being grown on
its native soil and on the limestone soil from Tennessee
in this experiment, was also grown on the sandstone soil
from Alabama.
In an attempt to determine if all four of the experi
mental populations were genetically compatible and thus of
the same biological species,

reciprocal crosses were car

ried out among the four populations.

The average number

of seeds per capsule was determined and was compared with
the average seed yield of fruits from intrapopulation pol 
linations.

Since the stamens of T. teretifolium are as

long as the style,

in contrast to most Talinum species,

it

was necessary to emasculate the flowers of the pistillate
parents before pollinations were carried out.

After the

emasculation and pollination techniques were mastered,
only an occasional pollinated flower failed to set fruit,
while unpollinated ones never did.
The statistical methods employed in these experiments
are all according to Woolf

(1968).
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A standard analysis of

variance was carried out for each experiment,

and on the

basis of this, a Keuls multiple range test was performed
to elucidate any significant differences among the treat
ment means.

When the number of treatments was only two,

a Student's t-test of significance was employed.

Any

difference at the 0.05 level was designated as "significant,"
while any difference at the 0.01 level was designated as
"highly significant."
percent

As a double check,

the ninety-five

(95%) confidence limits were calculated when

suitable, using error mean square, with the appropriate
number of degrees of freedom as the best estimate of popu
lation variance.
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OBSERVATIONS AND RESULTS

The results of the experiments in which the four
populations of Talinum teretifolium

(GG, VG, S S , and MS)

were grown on five different soil types

(GGS, V G S , LSS,

SSS, and MSS)

are presented in Tables II and IV-VI and in

Figures 1-4.

Tables II and IV-VI show the treatment means

(mean dry weights)

and sample standard deviations in mg,

and the results of the Keuls multiple range tests eluci
dating significant differences among the treatment means.
Figures 1-4 show the treatment means on a percentage
basis with the highest mean value of each experiment taken
as one-hundred percent

(100%) .

The small vertical bars

in Figures 1-4 are the ninety-five percent

(95%) confi

dence limits.
The results of the experiments in which T. teretifolium
was grown on limestone soil from Tennessee are presented
in Tables III and VII.

Soil Effects
Analyses of all the soils used in this study appear
in Table I.

These analyses were obtained from the

Cooperative Extension Service of the U. S. Department of
Agriculture, Virginia Polytechnic Institute and State
University, Blacksburg, Virginia.
Comments below on the effects of the soils on growth
are inferred from results presented in Figures 1-4 and
Tables II-VII.

The Maryland serpentine soil had a very
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fine, almost clay-like texture,

and the sandstone and

granite populations exhibited markedly suppressed growth
on this soil.

The Maryland serpentine population alone

was able to grow well on the serpentine soil.
granite soil had a fine texture,

The Virginia

and good growth of all

four of the populations was observed on this soil.

The

Virginia sandstone soil had sand-sized particles and
appeared to be relatively high in organic content.
wet, this soil smelled of decay.

When

All four of the popula

tions grew exceedingly well on the Virginia sandstone soil
and in all four populations,

(including V G ) , much better

growth was sometimes observed on this soil than on the
Virginia granite soil.
The Georgia granite soil had a gravelly texture,

and

all four of the populations exhibited poor growth on this
soil after the two granite populations had been grown on
it for the first time.

Because the amount of Georgia

granite soil available was small,

it had to be re-used to

complete all of the experiments.

Perhaps depletion of

nutrients during early use of the Georgia granite soil
could explain why poor growth,

even for the Georgia granite

population, was observed with this soil in later experi
ments.

Because of this poor growth, no conclusions are

drawn about the effects of Georgia granite soil in later
experiments.
The Virginia limestone soil had sand-sized particles
and appeared to be high in organic content.

However,

the

analysis of the Virginia limestone soil showed that neither
pH nor calcium content was high,

and therefore this soil

was not typical of normal limestone outcrop s o i l s .

A lime

stone-derived soil from the cedar glades of middle Tennessee
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was employed to test the response of T. teretifolium to a
more typical limestone soil.
Tennessee

The limestone soil from

(LST), with both high pH and calcium content, had

a fine texture with some gravel mixed in.
soil from Alabama

The sandstone

(SSA) had sand-sized particles and had a

lower pH than the Virginia sandstone soil.

Plant responses
The responses of each of the four populations

(GG, VG,

SS, and MS) to the various soils are presented in Figures
1-4, respectively and in Tables II and III,
and VII, and VI and VII, respectively.

IV and VII, V

F rom Figure 4 it

can be seen that in the May-July run the Maryland serpen
tine population did poorer,

relatively speaking, on the

serpentine soil than on the Virginia granite soil or on
the sandstone soil.

However,

the absolute growth of the

population on serpentine soil was 41.4^9.8mg, as compared
with values of one-third to one-tenth of that figure for
other populations' growth on that soil
V) .

In addition,

(Tables II, IV and

in the February-April fun

(Table VI) ,

the Maryland serpentine population grew as well on serpen
tine soil as on sandstone soil.
In light of the uncharacteristic nature of the
Virginia limestone soil, conclusions about responses to
calcareous soil are probably more useful if based ori
responses to Tennessee limestone soil.
population,

The Georgia granite

in terms of the mean dry weights,

showed no

significant differences when grown on its native soil, on
the limestone soil from Tennessee,
soil from Alabama

(Table I I I ) .

and on the sandstone

However,

these plants were

observed to have highly chlorotic leaves when grown on the
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limestone soil from Tennessee.

The Virginia granite and

Virginia sandstone populations grew,
dry weights,

in terms of the mean

significantly better on their native so.ils

than on the limestone soil from Tennessee

(Table V I I ) , and

b oth populations were observed to have moderately chlorotic
leaves when grown on this limestone soil.
serpentine population grew,

The Maryland

in terms of the mean dry weights,

better on the limestone soil from Tennessee than on its
native soil

(Table V I I ) .

However, moderate chlorosis of

the leaves characterized the response of the serpentine
population to the limestone soil from Tennessee.

Cross-pollinations
The results of the crosses among the experimental
populations of T. teretifolium are presented in Table VIII.
The results indicate that all four of the populations are
capable of successfully interbreeding, and are thus probably
one biological species.
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TA B LE I

SOIL ANALYSES:
AVAILABILITY IN POUNDS PER ACRE

Soil
Type

Ca :Mg

CaO

MgO

2

31.7

633
L

20
L-

57
M

31
L

6.

4.1

330
L-

80
L

25
L-f

80
L+

4. :

8.3

3,301
VH

3 98
VH

80
M-f

130
M

6.

2.0

798
L+

3 98
VH

73
M

87
L

6.

8.3

330
L-

40
L-

11
L

72
L-f

4.-

8.7

3,301
VH

378
VH

275
VH

96
M-

7.

19.7

1, 183
M-

60
L

28
M-

63
L

5.

GGS

VGS

SSS

MSS

LSS

LST

SSA

P2°5

K 2°

1

Pi

To give a general meaning to the pounds/acre values,
the following notations are used (with pluses and m i n u se s):
L = low;
M =■ medium;

H
high;
VH =■ very high.

2 See page 8 for explanation of abbreviations for soil
types in Tables I-VII.
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TABLE II
GROWTH OF GEORGIA GRANITE POPULATION OF
TALINUM TERETIFOLIUM ON FIVE SOIL TYPES

LSS
VGS
SSS
Treal:ment -— ------------ — — * MSS
(Soil Type)
Dry weight (mg):
Degree of Significance
meantS*^-

jL

CN

f'\
in
•H \
I
C CM
P rct \
r-

GGS

58.5 ± 27.6

P<*. 01

P<.01

VGS

32 .4 t 16.6

P*.05

P<.01

LSS

16.8 ±- 6.4

SSS

97.0 t 36.4

P^.Ol
NS

2

P<. 05
_ _

P<.01

NS
pc.01

CM

MSS

2.0

0.8

--

—

GGS

5.9 ± 9.7

NS

P <.01

VGS

62 .1 t 24.5

01

NS

LSS

36.6 t 15.0

pc.01

NS

SSS

64.2 t 48.3

P <.01

—

P <.05

--

P<.01

ro
r~
CM 00
CM

c ^
p
1
PZ CO
rCTi
\
CO

^
2

MSS

S* =

4.4 ±

2.8

—

sample standard deviation

NS =• not significant
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.—

NS

■—

—

TABLE III
GROWTH OF GEORGIA GRANITE POPULATION
OF TALINUM TERETIFOLIUM
ON TENNESSEE LIMESTONE AND ALABAMA SANDSTONE SOILS
5/10/73-6/29/73

Treatment ---------— —
(Soil Type)
_
. ,, , .
^
Dry
UJ-y weight (mg):
i
meanis*-*GG

^
2

> SSA

Degree of Significance

3 5 . 1 - 19.4

NS2

LST

26.4 t

NS

SSA

37.0 t 14.6

10.8

S* * sample standard deviation
. . .

NS » not significant
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LST

NS

TABLE IV
GROWTH OF VIRGINIA GRANITE POPULATION
OF TALINUM TERETIFOLIUM ON FIVE SOIL TYPES

T r e a t m e n t ---------------> MSS
SSS
LSS
VGS
(Soil4Type)
1
Dry weight (mg) :
meaniS*^Degree of Significance

I

CM

in
rH

i— I

*

>

C I
P

CM

Ph rCM

GGS

57.7 t 12.7

P<r. 01

P^. 01

P*r.01

VGS

30.6

t

9.6

P-r.01

P<. 01

NS2

—

LSS

15.0 ±

8.2

P<. 01

—

—

—

—

—

—

--

—

SSS

149.0 t 29.2

NS
P .01

MSS

3.0

t

0.4

—

GGS

5.7 t

2.9

NS

co

P

01

P •*.05

P<. 01

r-*
\
ID
CM CM

=H= \
C I

P<. 01

VGS

58.4 t 12.2

P -=■.01

P^.01

NS

—

LSS

40.2 t 17.7

P-=.05

Pf.oi

—

—

SSS

97.5 £ 55.4

P<£\01

—

—

p co

r^
\
co

MSS

4.6 £

1.7

—. —

^

S* =• sample standard deviation

2

NS s not significant
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—
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TABLE V
GROWTH OF VIRGINIA SANDSTONE POPULATION
OF TALINUM. TERETIFOLIUM ON FIVE SOIL TYPES

Treatment
(Soil Type)
I
CN
rCTi
1— 1
1— 1 \
1— 1
i—t
1
c
p CN

Pi

o
ro

MSS

SSS

LSS

VGS

weight (mg) :
meanis*^
Degree of Significance

GGS

9.5

VGS

46.8

LSS

5.0

NS

2

P<.01

P<.01

NS

26.4 P •*. 01

P«.01

NS

_

30.7 +

12.4

P<.01

__

--

SSS

85.7

27.4 P-.01

--

—

--

MSS

13.9

■*

6.8

—

-—

—

--

GGS

2 .4

■4

1.0

NS

VGS

41.9

LSS

2.9

SSS

55.5

MSS

3.6

NS

CT>

co
r\
CN CN
-IF \
co
1
C
P CO
rPi

CN

13 .3 P<.01
■+

10+

1.3

NS

27.2 P<.01

■+

1.0

—

S* ~ sample standard deviation
NS - not significant
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P-*. 01
NS

NS
P <.01

P <. 01
—
__

P<.01
——

“--

——

—

--

—

TABLE VI
GROWTH OF MARYLAND SERPENTINE POPULATION
OF TALINUM TERETIFOLIUM ON FIVE SOIL TYPES

T r e a t m e n t ----------------- — ^ MSS
(Soil, T ^ e )

I

Degree of Significance
1.5

P *.05

Hr

23.0

P<.01

8.5 «+

4.0

43 .5

P *.05

NS

•

VGS

3.4 +

(mg) :

O

rH r—I
% \

GGS

VGS

i—1

r**
\
tN

LSS

ft

co

Dry weight
meanis*

SSS

NS

P < 01

--

NS

NS

—

--

VJ*

G I
G co

LSS

CM

SSS

20.2

9.2

NS

—

•—

--

MSS

17.6

8.0

—

—

-—

--

CO

GGS

32.1 £ 14.0

CM CO

VGS

186.9 £ 75.9

G I
G co

LSS

rH

SSS

OS r*

CM

NS

P <01

P<.01

P<.01

P*.01

P<01

P<01

—

31.0

P *. 05

P <01

—

—

255.4 ■V 44.3

P<.01

—

—

—

mm mm

— mm

r-*
% \
C"
05

\

96.4

ID

MSS

^
2

S* s

41.4 £

9.8

wmm mm

sample standard deviation

NS — not significant
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TABLE VII
GROWTH OF TALINUM TERETIFOLIUM
ON LIMESTONE SOIL FROM TENNESSEE

5/10/73-6/2 9/73
VIRGINIA GRANITE POPULATION
Treatment
(Soil Type)

Dry weight (mg)
mean £ S*^
139.2 t

VGS

Degree of Significance
of Difference

55.0
P<.01

LST

79.1 £

33.2

5/11/73-6/30/73
VIRGINIA SANDSTONE POPULATION
Treatment
(Soil Type)

Dry weight (mg)
mean t S*

SSS

320.0 i 83.4

LST

87.0 £ 49.7

Degree of Significance
of Difference

P«<.01

5/11/73-6/30/73
MARYLAND SERPENTINE POPULATION
Treatment
(Soil Type)

Dry weight (mg)
mean i S*

MSS

28.6 ± 14.1

Degree of Significance
of Difference

P-c.01
LST

S* =

106.5 £ 38.7

sample standard deviation
-21-

TABLE VIII
TALINUM TERETIFOLIUM:

Staminate
Parent

Pistillate
Parent

CROSS-POLLINATIONS

Number of
Successful
Pollinations

Average
Number of
Seeds per
Capsule

GG1

X

GG

9

28.0

VG

X

VG

9

36.2

SS

X

SS

10

35.2

MS

X

MS

9

16.2

VG

X

GG

5

18.2

SS

X

GG

5

25.6

MS

X

GG

5

29.8

GG

X

VG

5

32 .6

SS

X

VG

5

32 .4

MS

X

VG

4

27.5

GG

X

SS

3

27.3

VG

X

SS

5

27.2

MS

X

SS

5

36.6

GG

X

MS

9

14.8

VG

X

MS

4

10.7

SS

X

MS

4

13.3

^ See page 7 for explanation of abbreviations for population designations.
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FIGURE 1
GROWTH OF GEORGIA *GHANXTE POPULATION
OF TALINUM TERETIFOLIUM ON FIVE SOIL TYPES

9 7• 0+ 36 .4mg

lOOr
90
80
5 8.5+2 7.6mg

Growth

Response

{%)

70
60
50

32.4+16.6mg

40 16 .8+6 .4mc
30 2.0+0.8mg

20
10

GGS

VGS

LSS

Treatment

SSS

MSS

(soil type)

See page 8 for explanation of abbreviations for soil
types in Figures 1-4.
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FIGURE 2
GROWTH OF VIRGINIA GRANITE POPULATION
OF TALINUM TERETIFOLIUM ON FIVE SOIL TYPES

14 9.0+2 9.2mg
-r

100
90

80

Growth

Response

{%)

70
60
50 "57.7+12 .7mg
40
30

3 0.6+9. 6mg
15.0+8 .2mg

20

3.0+0.4rag

10

GGS

VGS

LSS

Treatment

(soil type)

-24-

SSS

MSS

FIGURE 3
GROWTH OF VIRGINIA SANDSTONE POPULATION
OF TALINUM TERETIFOLIUM ON FOUR SOIL TYPES

85.7+27.4mg

1 0 0 T-

90
80

Growth

Response

(%)

70 46.8+2 6 .4mg
60
30.7+12.4n

50 40 •

13.9+6.8mg

30

20
10

VGS

SSS

LSS

Treatment

(soil type)
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MSS

FIGURE 4
GROWTH OF MARYLAND SERPENTINE POPULATION
OF TALINUM TERETIFOLIUM ON FOUR SOIL TYPES

255.4+44. 3mg

100r
90
186 .9+75. 9mg
80

Response

{%)

70
60
96 .4+31. On

50

Growth

40
30

41.4+9.8mg

20
10

VGS

LSS

Treatment

SSS

(soil type)

-26-

MSS

DISCUSSION

Several facts about the distribution of Talinum teretifolium are of considerable interest.

(1) Unlike most other

Talinum species in eastern North America, T. teretifolium
occurs on several different soil types
tine and sandstone s o i l s ) .

(granitic,

serpen

(2) Talinum teretifolium has

successfully invaded the notoriously unfavorable serpentine
soils of Maryland and Pennsylvania, but it has not invaded
the presumably favorable sandstone soil of Alabama.

(3)

Talinum teretifolium does not occur on sandstone in Alabama,
even though it seems to have a competitive advantage over
the species of Talinum that occurs on this sandstone
Johnson,

and Wright,

1970).

(Murdy,

(4) Despite previous reports

of T. teretifolium on limestone soil

(Harper,

1926),

it

appears now that there are no populations of this species
occurring on such a soil.
The fact that T. teretifolium has successfully invaded
the unique serpentine soils of Maryland and Pennsylvania
while it has also become very widespread on granite and to
a lesser extent on sandstone raises the possibility of
ecotypic differentiation within the species because of the
pronounced differences between serpentine and non-serpentine
soils.

The results of the soil experiments of the present

study support the hypothesis that there are two major
edaphic ecotypes of T. teretifolium.

The sandstone and

granite populations are notably alike in their markedly
suppressed growth on the serpentine soil

-27-

(Figs. 1-3).

The serpentine population alone has the ability to grow
well on the serpentine soil.

In addition,

the serpentine

population has retained the ability to grow well on sand
stone and granitic soils

(Fig. 4).

In this way it can be

postulated that the serpentine population has a broader
physiological tolerance to edaphic factors.

In other words,

the serpentine population exhibits a higher degree of
physiological plasticity than the granite and sandstone
populations.

In considering the two original alternative

explanations of the edaphic range of T. teretifolium
(broad physiological tolerance or ecotypic differentiation),
it appears that the first alternative is true based on the
serpentine barren populations alone.

However,

in light of

the narrower tolerance ranges of the sandstone and granite
populations,

and of the presumed origin of the species in

the Georgia granite region,

then the second alternative

explanation is obviously the correct one.

The wa y in

which the differentiation of the serpentine population
came about is speculative, but it is likely that this p o p 
ulation could have been derived from a few isolated indiv
iduals pre-adapted to the serpentine habitat.
It has long been known that the weathering of ferromagnesian parent material produces soils that exert a
strong selective influence on the vegetation of the area.
Serpentine areas have,

in general, unusual vegetation

characterized b y narrowly endemic species.

In fact the

vegetation on serpentine sites is in striking physiognomic
contrast to the vegetation on surrounding soils.

Serpentine

soils differ from other soils in these major characteristics
low amounts of total and adsorbed calcium,

high amounts of

magnesium,
1954).

and high amounts of chromium and nickel

Since the pH of serpentine soils varies,

(Walker,

it cannot

provide a general explanation of serpentine infertility.
Walker

(1954) and Kruckeberg

(1954)

provide evidence showing

that tolerance of low calcium levels is a principal adapta
tion required for growth of plants on serpentine s o i l s .
addition to a tolerance of low calcium levels,

In

plants which

grow on serpentine soils must be tolerant of one or more of
the following special conditions:
and chromium, high magnesium,
low available molybdenum,

high levels of nickel

low levels of major nutrients,

and unfavorable physical aspects

of shallow soils.
The results of the present soil experiments using the
Virginia sandstone soil show that all four of the experi
mental populations of T?. teretifolium grow exceedingly well
on the sandstone soil

(Figs.

1-4).

Since T. teretifolium

can survive successfully on a sandstone-derived soil, one
wonders why it has not invaded the sandstone outcrops of
Alabama.

Such a question as this is even more puzzling

when one considers the fact that T_. teretif olium has already
successfully invaded harsh serpentine soils in Maryland and
Pennsylvania.

It would be logical to assume that the answer

to this problem is that there is no other competitive Talinum
species occurring on serpentine soil while ^T. mengesii offers
formidable competition to T. teretifolium on the sandstone
outcrops of Alabama.

However,

in the Piedmont of Georgia

T?. teretifolium occurs on several of the same granite out
crops as T_. mengesii where it has been observed to be com
petitively replacing T. mengesii
1970).

Murdy, Johnson,

(Murdy, Johnson,

and Wright

-2 9-

(1970)

and Wright,

suggest two

explanations for this process:

(1)

evidence that young

T. teretifolium seedlings are more drought resistant than
those of T. m e n g e s i i ; and

(2)

can easily self-pollinate,

the fact that T. teretifolium

leaving T. menges ii subject to

deleterious hybridization because it is almost totally
dependent on cross-pollination.

In light of the evidence

of competitive superiority in TT. teretifolium, the question
of the absence of T. teretifolium on Alabama sandstone out
crops remains unreso lv ed .
From the results of the experiments in which all four
of the populations of T. teretifolium

(GG, VG, SS, and MS)

were grown on their native soils and on limestone soil from
Tennessee

(Tables III and V I I ) , it appears that some d iffi

culty is encountered on the limestone soil.

In general

either suppressed growth or chlorosis of the leaves, or
both, were characteristic of the response of 'T. teretifolium
to the limestone soil from Tennessee.

Limestone soils are

characteristically high in available calcium and high in
pH.

The high calcium levels impose strong selective

pressures on vegetation:

the plants growing on limestone

soils must either require a high level of calcium or be
tolerant of it in exchange for a release from the greater
competitive stress encountered on other soils.

In addition,

the high pH values of some limestone soils can affect the
availability of other elements such as iron, aluminum,
manganese,

and phosphate

formerly reported

(Kruckeberg,

(erroneously)

1969).

Though

on limestone soil

(Harper,

1926), T. teretifolium appears to be physiologically illadapted to such a soil.

The species is not presently

known to occur on limestone,
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and it is tempting to speculate

that it will not be found on such soil because it is illadapted to it.

Such speculation would be risky,

however.

For example, dealing only with growth responses of po pu la 
tions from granite and sandstone outcrops one could say
that T. teretifolium was physiologically unable to exploit
serpentine soil, and yet it has done so.

The other Talinum

species in eastern North America have generally been unable
to exploit more than one substrate type while T. te retifolium,
in contrast to them, has been uniquely able to exploit a
variety of substrates through the process of ecotypic
differentiation.
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